A basic undergraduate course in statistics is often not adequate for students in renewable natural resource programs such as wildlife, forestry, fisheries, and related subjects. A strong foundation in the basics of sampling in time and space of forest, vegetation, wildlife and fish populations is needed. A brief account of our experience in teaching such a course over the last three years along with progress on developing course-related material and activities is reported. This includes the development of: 1) computer-based simulations; 2) in-class participation simulations to illustrate the basic concepts of sampling in space and time; 3) exercises to introduce students to basic field sampling methods (quadrat, line and point sample units, mark/recapture, radio telemetry, etc.); and 4) an associated hypermedia text. From the beginning, emphasis is placed on cost-effectiveness and on the importance of sampling in the decision-making process. Students are required to develop their own sampling project, implement the project, present the results in an open forum, and prepare an associated report in the format of a scientific paper.
Introduction
It is generally agreed that only one undergraduate course in statistics is not adequate to address the needs of most science undergraduate majors. For students pursuing studies in traditional natural resource science programs such as forestry, wildlife, fisheries, botany, zoology, as well as the more recent and popular programs in natural resource conservation, environmental, soil and water sciences, a second, applied statistics course can clarify concepts and methods from the first course while demonstrating the usefulness of basic statistical methods in understanding natural systems. Traditionally, a first course in statistics is taken in the first two years of college. It covers topics such as introductory probability, simple random sampling, continuous and discrete distributions, mean and variance estimation, the standard error of the mean, construction of confidence intervals, and simple one and two sample mean comparison tests. Students studying the natural resources need to go beyond these basic concepts and gain an understanding of why and how one samples natural resource populations, how space and time are accommodated in both the study design as well as data analysis, and how statistics are used to facilitate management and conservation decisions. In this paper we discuss a natural resource sampling course, offered at the beginning of the junior year, which attempts to satisfy these needs. First, we establish the general knowledge base of students entering the course. What other information will be collected?
Course Content
We stress the importance of using covariables, to increase the precision of the parameter estimates at only minimal increase in implementation cost. Since the most expensive phase of sampling is the field work to collect the data, the collection of multiple variables (say tree height, diameter, radial growth, etc) at each sample unit does not substantially increase cost, but can significantly increase the information, thus making the design cost-effective.
Related topics

Manipulative versus Mensurative Study Design
Students intuitively understand that real knowledge and understanding of natural systems comes not just from estimating population parameters, but from comparing these estimates among critical populations. What they do not often appreciate are the rules for performing correct and effective comparisons. Students need to understand the difference between a manipulative experiment, where the researcher has some measure of control and the ability to apply a "treatment", and a mensurative experiment (a sampling study with a comparative component) in which the researcher has little if any control and usually no "treatment" is applied. The differences between the two classes of study designs usually shows up in discussion of the difference/similarity between a sample unit (sample study) and a replicate (experimental unit), or between a stratum (used to improve the estimate of the population parameter of interest) and a block (used to improve comparisons among treatments and/or increase the scope of the study). In addition, while homogeneity of variance might be reasonably expected to hold in a manipulative experiment, no such expectation would hold for a mensurative experiment.
Geographic Information Systems and Spatial Scale
The advent of geographical information systems and other visualization tools for spatial examination of ecosystems has changed the type of questions and approaches to many resource management problems. Associated with these technologies are numerous issues related to measurement and spatial scale. In a course on natural resource sampling, it is important that students be exposed to these issues and understand how the statistical sampling tools facilitate better visualization. Development of spatial correlation models and analysis of spatial patterns and data is beyond the scope of this entry level course. We address instead how the combination of spatial pattern (random, regular, or aggregated) and quadrat size, for instance, impact the precision of the resulting density estimate. Aggregated and regular spatial patterns are defined in terms of increased or decreased probability of finding a neighboring point within a fixed diameter circle as compared to a random (Poisson point) process.
Course Format
We have found a combination of: 1) traditional lectures aided by multimedia, 2) in-class manual and computer-generated simulations, 3) in-lab computer simulations and exercises, 4) field exercises, 5) homework, and 6) hands-on projects and presentations provides an effective learning experience. Our experiences in teaching natural resource sampling over the last three years suggest a more active approach to teaching sampling will produce excellent results.
Traditional Lectures
The traditional lecture, the standard approach to teaching statistics, is least enjoyed by the students. We use lectures to introduce the limited mathematical notation necessary to developing parameter estimates and their associated confidence intervals. It is very important to maintain a consistent mathematical notation, since changes in notation only confuse the student.
Traditional lectures open support discussion of homework and other worked examples, and the instructor to work through complex case studies. We recommend that three to four detailed case studies be introduced early on in the course. Each case study should represent areas with significant and unresolved ecosystem management and conservation issues. In addition, case studies should have active research involvement by numerous research groups, and be close enough to the university that students can visit the area. We have found that many students, if properly motivated, will take day trips to the case study areas. While our university has two ready-made case studies in the university research forest (2,043 acres) and the university research wildlife management preserve (3,000 acres), students have preferred case studies which are less academic, such as city greenways, nature parks and state preservation lands (nature areas).
Periodically, we invite faculty, graduate students, or professionals actively involved with natural resource studies to give fifteen minute presentations to the class (usually slide, video or multimedia). Presenters are requested to emphasize the design and measurement concerns relating to their research or management objectives. An additional fifteen minutes is allocated to answering student questions, of which there are usually many. As would be expected, at least half of the questions involve non-statistical aspects of the study, but with proper warning, presenters can often direct the discussion onto the more statistical topics. This approach assists students in relating classroom presentations to real-world problems. Students get a feel for sampling and estimation needs and concerns in current, active research, and presenters get a first look at potential future assistants and students. This first contact has lead to a number of summer intern positions for the students and satisfied employers.
Multimedia adds an important new element to the traditional classroom lecture. Taking a computer, video recorder, and projection system into the classroom allows the instructor to use interactive programs to visualize basic concepts and computations. A favorite but simple example of this is the development of a spreadsheet program to compute an estimate from a complicated estimator (say the variance of the overall mean in stratified sampling) in front of the class. Applied Statistics in Agriculture
Homework
In developing homework problems, we present the student with more detail than usually found in statistics problems sets. Our goal is to get the student interested in both the problem and the data analysis. We present a study objective and provide some background on the problem. Data is then presented along with a numbered list of analyses (computations) and questions, which must be answered. Computations follow directly from the in-class examples and course notes.
Students are expected to write short reports interpreting the results of their analysis. Some reports are graded on both form and content. Our success in getting students to write more than a one line interpretation of the results has been limited. Students are just not convinced that we want discussion beyond simply the estimate and its confidence interval. We continue to explore alternative ways of supporting this activity.
Major Project and Presentation
In lieu of a final exam, students must propose, implement and report the results of their own sampling project. Students form teams of two or three individuals, which then propose, formally and in writing, a sampling project, which has as its goal the estimation of a population parameter of interest. A pre-proposal is first reviewed by the instructors before a formal proposal is presented. Actual study implementation time varies from one to several days. The data collected is analyzed and results written-up in scientific paper format. Each team prepares a poster of their methods and results and presents it before class members, faculty and other guests during an outdoor special session during the last week of classes.
Using the assistance of other faculty, students and guests, the instructors grade both papers and posters for form and content, which together constitute the final grade. Poorly constructed papers and posters may be redone if the students desire. In recent years we have used prototype papers and posters to demonstrate the type of final product necessary for a passing mark. When presented in this manner, the final reports and posters are rarely disappointing, although many reports are sent back for extensive revisions.
Students enjoy presenting their projects to their peers and to other faculty. They also benefit from the review their projects get from their classmates. While we feel that the project experience is a beneficial one, often the most important lesson learned is the importance of choosing good, hardworking team members. 
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